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INTRODUCTION. 
Some rather surprising observations are recorded in a paper 
recently published on “Retrograde degeneration in the spinal 
nerves ” (RANSON ’06). 
It was found that after the division of a nerve, containing 1500 
medullated afferent fibers, there occurred a complete degeneration 
of 4500 spinal ganglion cells and that this was accompanied by 
little or no degeneration of the dorsal roots. It was at once appar- 
ent that these results would be very difficult to explain on the 
’basis of the usual conception of the spinal ganglion. Accord- 
ingly, the literature dealing with the architecture of the spinal 
nerves and of their dorsal root ganglia has been carefully reviewed 
in the hope of finding some observations that would be of assist- 
ance in interpreting these facts. 
Another reason for presenting the normal relation of the sensory 
elements of the spinal nerves is the fact that in order to obtain a 
norm for the second cervical nerve of the white rat (the nerve 
studied in this series of experiments) it was necessary to make a 
study of the numerical relations in that nerve and these obser- 
vations have some value from the anatomical point of view. 
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This work was begun under the direction of Dr. H. H. DON- 
ALDSON, to whom the writer is indebted for many suggestions. 
THE SPINAL GANGLION. 
I .  T h e  distinction between the large and the small cells and the 
functional significance of the two forms.-It has long been known 
that there exist in the spinal ganglion two well marked types of 
cells, which differ from each other both in size and stainingreaction. 
As early as 1886 v. L E N H O S S ~ K  made a careful study of the small 
cells and expressed an opinion concerning their functional sig- 
FIG. I .  The drawing represents a section sfi thick from a spinal ganglion of a white rat, 
prepared by a modification of DONAGGIO’S Method VII, Zeiss, ocular 4, Objective &. 
nificance. According to his description, which relates in this 
instance to the spinal ganglion of the frog, these cells are very 
small, sometimes not more than 5,u in diameter; they are often 
angular and possess a relatively small amount of cytoplasm sur- 
rounding a large nucleus. In 1895 he adds to the previous descrip- 
tion that the small cells are characterized not only by their size 
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but also by the fact that they stain more intensely with the diffuse 
protoplasmic dyes. Among those who have confirmed these 
observations of v. LENHOSS~K may be mentioned FLEMMING 
('95) and Cox ('98). These small cells correspond to LUGARO'S 
Type I11 and HATAI'S Type 11. 
In connection with another investigation the writer has obtained 
preparations of the spinal ganglion by a slight modification of 
DONAGGIO'S Method VII' (DONAGGIO '04) which demonstrate 
in a very striking manner a difference, probably chemical but 
possibly structural, between the large and the small cells. Since 
no other method presents so marked a contrast between the two 
cell types it is worth while to note the peculiarities of these 
preparations (see Fig. I ) .  The large cells present an absolutely 
colorless cytoplasm, throughout which there is a network of deep 
blue threads. These are largely absent from the nucleus. The  
small cells, on the contrary, present a cytoplasm of a deep violet 
which is almost entirely free from the blue threads, while the 
nucleus contains them in abundance. These same threads are 
seen in the axis cylinders. After a careful study of the literature 
it has not been possible to identify these threads with any known 
structure; but since the granular reticulum of CAJAL, the NISSL- 
bodies, the GoLGI-intracellular-net, the can& of HOLMGREN, 
the neurofibrils Of BETHE and the still different fibrils of.DONAGGI0 
and CAJAL together with the remaining protoplasm and the nu- 
cleus must occupy nearly all the space in one small cell, it does not 
seem probable that the threads just described are new structures. 
There can be no question however concerning the clear distinc- 
tion which these preparations show between the large and the 
small cells, since the difference is a constant one and the picture 
is always the same. The distinction so strongly emphasized in 
these preparations is probably a chemical one and has its counter- 
part in the functional differences about to be mentioned. It 
should be noticed that there is a certain number of transitional 
cells which partake of the qualities of both large and small cells 
and are usually of medium size. Several are represented in the 
DONAGGIO'S Method VII  (rnodified).-Pieces a to 3 mm. in thickness are fixed for a4 hours in a 
saturated solution of mercuric chloride in 10 per cent formalin to which has been added I per cent of 
glacial acetic acid; iodine-water a4 hours; distilled water 2 hours; pyridine 48 hours (change once); 
distilled water a4 hours; ammonium molybdate 34 hours; distilled water I hour; pyridine 48 hours 
(change once); an aqueous solution of thionin prepared at least two weeks previously (change 
once and stain for 48 hours); dehydrate and embed in paraffine; cut sections 5 to 7p thick. 
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drawing; they correspond to HATAI’S Type 111. These inter- 
mediate cells represent the stages through which the small cells 
pass while developing into the larger ones, a process which, as 
we shall see, is constantly going on in the growing animal. 
RAWITZ (To), in studying the spinal ganglia of various animals, 
had his attention drawn to these small deeply staining cells and 
came to the conclusion that they were young developing ganglion 
cells, the immediate result of a supposed-but confessedly un- 
demonstrated-cell division. As proof he advances his observations 
that they are seldom found in the grown animal, but, on the con- 
trary, are relatively frequent in the young. VON LENHOSS~K 
(’86) does not agree with these statements of RAWITZ, for, while 
he admits that these cells are found more abundantly in young 
than in adult animals, he has also found them in large numbers 
in the full grown frogs. “ I  believe,” says v. LENHOSS~K, “that 
one may account for the presence of these little cells through the 
following consistent explanation : while, in the course of embryo- 
logical development, the majority of ganglion cells become very 
much enlarged, a part of them as well as their associated nerve 
fibers stop at lower stages of development; such undeveloped 
nerve cells represent the little cells under discussion. According 
to this conception the cells in question would not be young and 
capable of further development, but represent ganglion cells 
remaining permanently at primitive stages of evolution. ” I n  
1895 v. LENHOSS~K returned to the subject of the significance of 
the small cells. “It is not superfluous to insist that the smaller 
cells, even indeed the smallest cells, are not to be regarded as func- 
tionless rudimentary structures, but as elemems which just as 
truly as the large cells are functional parts of the nervous mech- 
anism: we find them associated just like the large cells with a 
process which divides in the typical way” into a central and a 
peripheral fiber. “Still less is it justifiable to look upon them as 
young elements still undergoing development. We are dealing 
here therefore not with cells which will further divide or other- 
wise develop . . . . . but with cells which are formed small once 
for all.” 
Evidence, to be presented in a succeeding paragraph, sup- 
ports v. LENHOSS~K in his contention that the small cells are not 
young in the sense of RAWITZ; but that all, large and small alike, 
being derived from a cell division at  an early embryonic period, 
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may be designated as old. It would seem, however, that the 
point concerning their incapacity for further development is not 
so well taken. We will return to these points in another para- 
graph, and will now consider BUHLER’S conception of the raison 
d’ztre of the small cells. 
BUHLER (’98) noticed that under physiological conditions in 
the toad, the frog and the rabbit there occurred a degeneration 
of a few isolated large ganglion cells, which were however not 
described. The  degeneration is, to all appearances, not very 
rapid; in a spinal ganglion of a frog about 20 or 25 at a time, in 
rabbits relatively much fewer. He assumes that these disappear- 
ing ganglion cells are recruited from the ranks of the small cells, 
which develop into large cells as they are needed. “Since after 
the earliest stages a proliferation of ganglion cells no longer occurs, 
in order to remain capable of functioning throughout the period 
of life, the spinal ganglion must receive for its portion in the anlage 
sufficient reserve material in the form of undeveloped cells.” 
HATAI (’02) has argued against this assumption on the ground 
that the number of spinal ganglion cells is approximately constant 
throughout the life of the individual. However the recent obser- 
vations of‘ KOSTER on the spinal ganglia of cats, dogs and rabbits 
give some support to BUHLER’S statement (KOSTER ’03, p. 1098). 
One recognizes, in every section of a normal ganglion, cells with 
all possible appearances of degeneration. One can see cells with 
eccentric swollen or fragmented nuclei, coarse and fine chromato- 
lysis, and all the changes which one may look upon as the reac- 
tional manifestations of the cells to the physiological degeneration 
found by SIGMUND MAYER in the peripheral nerves. We can, 
therefore, speak of a physiological degeneration of nerve cells.” 
From these observations it would seem not impossible that a cer- 
tain very slight amount of degeneration is going on constantly 
in the normal ganglion; and the question, whether or no the small 
cells are, as BUHLER assumes, capable of replacing the cells lost 
in this way, is a question worthy of some consideration. 
HATAI (’00) has given some attention to the significance of the 
small darkly staining elements, which with their scanty cyto- 
plasm and large nuclei present many of the characters of embry- 
onic cells, and concludes that they are “in a growing state or in a 
more or less permanently immature condition.” In  order to 
test this assumption he (‘02) counted the number of large and 
66 
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small cells in the spinal ganglia of the VI C., IV T., and I1 L. 
nerves of four white rats, ranging in weight from ten to one hun- 
dred sixty-seven grams, and found that, while the total number of 
cells in each ganglion remained approximately constant, there 
was a constant increase in the number of large cells and a corre- 
sponding decrease in the number of the small cells. This cart only 
mean that the small cells are developing into large ones, and that 
therefore a considerable number of the former retain their capacity 
for development at least during the growing period. 
It is of interest to note in this connection the observations made 
by HODGE ('89) that after electrical stimulation of nerves it is 
chiefly the large cells in the associated spinal ganglia that show the 
effect of fatigue. Considering all the cells large which have 
one diameter sop or over and those small which have not, a count 
gives the following results : 
TABLE I. 
Effect of Stimulating Ganglion Cells (HODGE). 
IN 1 0 0  LARGE CELLS, NUCLEI IN 100 SMALL CELLS, NUCLEI 
SHRUNKEN. NORMAL. SHRUNKEN. NORMAL. 
5 95 Resting 0 I 0 0  
94 6 Stimulated 8 92 
HODCE did not attempt an explanation of these interesting 
results; but in the light of the preceding discussion there seems to 
be little room for doubt that these small unworked elements are 
the immature cells of HATAI. 
In  summing up this discussion concerning the functional sig- 
nificance of the small cells of the spinal ganglion, it may be said 
that the absence of mitosis in the spinal ganglia during extra- 
uterine life excludes the possibility of their being young cells in 
the sense of RAWITZ. No more acceptable is the view of v. LEN- 
H O S S ~ K  that they are elements, the development of which has been 
permanently arrested; we must rather agree with HATAI that they 
retain for a long time their capacity for development, that, in fact, 
some of them are always in the process of transformation through- 
out the growing period of the animal. During the time that they 
are still undeveloped they do not show fatigue when the nerve is 
stimulated electrically. It is not yet satisfactorily determined 
whether they may serve as reserve cells capable of replacing the 
mature neurones destroyed by trauma or disease. 
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2. Classification of the spinal ganglion cells according to the 
number and character of their processes.-Since in this paper we 
are not directly concerned with the form of the spinal ganglion 
cells, we need only mention the most important points under this 
heading. That the cells of the spinal ganglion were all associated 
with a single T-shaped process was the accepted view until 1896, 
when DOGIEL published his important work on the form of the 
elements in the spinal ganglion. T o  DOGIEL belongs the credit 
of having first clearly differentiated the following cells in the 
spinal ganglia of mammals. 
A. Unipolar cells. Type I. The well known unipolar cells, 
both large and small, with the typical T-shaped processes of 
RANVIER. 
A new form first seen by DOGIEL, the single process 
of which breaks up into numerous fine branches that end in peri- 
cellular baskets within the ganglion itself. 
Bipolar cells-very few, only one or two in each ganglion. 
Multipolar cells with two nerve processes, one centrally, 
the other peripherally directed, and many dendritic processes 
arising from the angles of the irregularly shaped cell body. 
These dendrites penetrate the capsule and end among the cells 
of the ganglion. 
The observations of DOGIEL were made upon preparations 
stained by his modification of the methylene blue technique. 
More recently (’05) CAJAL has published a preliminary account 
of his studies on the spinal ganglion with his new silver method. 
One of his cell-types is distinctly new and may be described here 
since it serves to emphasize the wealth of connections within the 
ganglion. This is an unipolar cell, possessed of very fine den- 
drites which take origin, sometimes from the surface of the cell 
itself, sometimes from the origin of the axis cylinder. These 
dendrites gradually enlarge and terminate in spheres, encircled 
by an entire system of concentric capsules. These dendrites 
sometimes bifurcate and give rise to a pair or more of terminal 
globes. He distinguishes two varieties among these cells: in 
one the terminal spheres are found beneath the capsule of the 
cell of origin and are in relation with the pericellular “nests” of 
CAJAL and DOGIEL, in the other the terminal globes are lodged 
in the intercellular spaces sometimes far distant from their point 
of origin. 
Type 11. 
B .  
C. 
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We return now to a point more directly in keeping with the gen- 
eral purpose of this paper, namely, to the form of the small cells. 
HATAI (’oI), apparently quoting from DOGIEL, says that “the 
number of these cells from which no axon can be traced is large.” 
HARDESTY (’05) agrees that “ a  larger portion of these extra cells 
belong probably to the anaxonic type of neurone, latent cells 
which have not yet developed processes.” Both HATAI and 
HARDESTY had in mind only the fact that the small cells were not 
connected with medullated fibers in the dorsal root or peripheral 
nerve-a fact which stands uncontested-but the conclusion 
that these cells are necessarily anaxonic is unnecessary and mis- 
leading. I have not been able to verify the citation from DOGIEL, 
and there seems every reason to believe that instead of being nu- 
merous such apolar cells do not occur at all in the spinal ganglion. 
In his extremely careful study of these structures, which lead him 
to insist on the presence of bipolar and multipolar cells, although 
never more than two or three such were found in one ganglion, 
DOGIEL does not mention the presence of these “anaxonic neu- 
rones.” O n  the other hand, he describes in detail the single 
process of the small cell as being a typical T-shaped process with 
two branches, one directed toward the spinal cord, the other 
toward the periphery. These processes are usually destitute of 
myelin, but a few are medullated for a part of their course. He 
was able to trace these non-medullated processes of the small cells 
into the dorsal roots and into the peripheral nerves as far as the 
junction of the afferent and efferent fibers. 
The absence of apolar cells is again the implication of v. LEN- 
H O S S ~ K  in the quotation already given. “We find them (the 
small cells) just as truly as the large cells associated with a pro- 
cess which divides in a typical way.” But  v. LENHOSS~K does 
not leave the question in this obscure way, but says, in another 
place (Bau des Nervensystems, p. 268), “If we study thespinal 
ganglion of one of the more highly developed vertebrates or even 
the frog with suitable isolation, teasing or staining methods, we 
find in it, in addition to the interstitial connective tissue,, blood 
vessels and nerve fibers, also numerous nerve cells of varying size 
of which the typical form is unipolar. There are no apolar cells. ” 
We have also to note the negative findings of HODGE (’89), who, 
having obtained physiological results that lead him to expect 
large numbers of apolar cells in the spinal ganglia of frogs, under- 
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took to demonstrate their presence in teased preparations but 
came to the conclusion that “Apolar cells do not occur in the 
spinal ganglia of frogs in any considerable numbers, none having 
been found. ” 
Interrelations among the spinal ganglion cells.-The spinal 
ganglion is not to be regarded as an aggregation of more or less 
spherical cells each independent of the others and connected only 
with its central and peripheral processes; but is in reality a com- 
plicated mass containing the ramifications of dendrites and axis 
cylinders, forming exceedingly intricate intercellular meshworks 
and pericellular baskets, the cells in this way being brought into 
close functional relations with each other. Moreover there are 
sympathetic fibers which enter the ganglion via the ramus com- 
municans to join in the formation of these baskets. 
ARONSON (’86) was the first to describe the pericellular baskets 
in  the spinal ganglion and his observations were confirmed by 
CAJAL (’90). The latter investigator regarded them as ramifica- 
tions of fibers from the sympathetic system. It was DOCIEL 
however who first cleared up our notions on this point by describ- 
ing a variety of cell (“Type 11”) which has for its sole function 
the establishment of intraganglionic connections. 
SPIRLAS (’95) called attention to the existence of collaterals 
arising from the processes of the embryonic spinal ganglion cells. 
T h e  observations were confirmed upon adult material by DOGIEL 
in 1896: “from the processes of many large and small ganglion 
cells, before their division into two fibers, one, two or three col- 
laterals of varying thickness are given off which at a greater or 
less distance from their cells break up into fine threads. ” LEVI 
(’05) has followed the embryological formation of these collaterals. 
In  1896 HUBER described a variety of spinal ganglion cell from 
the axon of which recurrent collaterals are given off. These 
run back and end in disks upon the cell from which the axon arose. 
Still another means of intercommunication between the spinal 
ganglion cells is found in the dendriti’c processes of the multipolar 
cells and the more numerous unipolar cells of CAJAL, possessing 
fine dendritic branches with spherical endings which may either 
be in connection with the immediate pericellular basket or may 
run for considerable distances in the intercellular spaces to make 
connections in other parts of the ganglion. 
Sym- 
3. 
Expressed in other words, the relations are as follows. 
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pathetic fibers enter the ganglion and break up about the cells, 
especially those of DOGIEL’S Type 11. T h e  single processes of  
these cells of DOGIEL break u p  within the ganglion into a multi- 
tude of little twigs which form baskets about still other cells, while 
the stem process of many of the latter, i. e., the ordinary spinal 
ganglion cells, gives off delicate collaterals, which also take part 
in the formation of the fiber complex of the ganglion. All 
this wealth of axonic ramifications, together with the dendritic 
branches of some of the cells, forms a basis of intercommuni- 
cation which argues for a close functional relationship among the 
individual spinal ganglion cells. 
THE DORSAL ROOTS. 
I. The relation of the fibers of the dorsal roots to the cells in the 
substantia grisea of the spinal cord. Examination of NISSL’S view 
that they are axons of such cells.-A very peculiar observation noted 
in a paper recently published on “Retrograde Degeneration’’ 
(RANSON ’06), namely, that after half of the spinal ganglion cells 
have disappeared as the result of section of the associated nerve, 
there are to be found in the dorsal root very nearly if not quite the 
normal number of fibers-and all this according to careful counts 
made on a considerable number of animals-has led to a careful 
consideration of NISSL’S (’03) recently published conception of the 
dorsal roots, as a possible though improbable explanation of these 
results. Had the idea that the dorsal root fibers are independent 
of the spinal ganglion cells been advocated by any lesser author- 
ity we might indeed pass it by as unthinkable; but we cannot so 
lightly treat a statement by FRANZ NISSL. According to him 
(’03, p: 334), “ T h e  posterior root fibers are united with the cells of 
the spinal cord and especially with the cells of the substantia 
gelatinosa and only pass through the ganglion; and . . . . the 
cells of the spinal ganglion also send fibers toward the periphery. ” 
T h e  facts on which he bases this remarkable assertion are that 
after section of the posterior roots the cells of the spinal ganglia do 
not show change, while Eertain cells in the spinal cord, especially 
the cells of the substantia gelatinosa, undergo chromatolysis and 
even complete degeneration. It may be said however that, while 
true axonal reaction does not occur after section of the root, 
yet very considerable changes are induced in the ganglion cells 
RANSON, Spinal Nerves .  I11 
(KLEIST and KOSTER); and there are plenty of cases of degenera- 
tion in neurone chains similar to the disappearance of the cells 
of the substantia gelatinosa-e. g., the degeneration of the motor 
cells with their peripheral motor fibers after section of the dorsal 
roots (BRAEUNIG '03). He also cites, as bearing on this point, 
the anomalous trigeminus found by V. GUDDEN in a calf, which 
showed no sensory root fibers. The ganglion itself was normal, 
as were also the fibers of the peripheral nerve arising from it, 
although these peripheral fibers were greatly decreased in num- 
ber. According to NISSL'S view the fibers whose cells were 
located within the brain had failed to develop, while those whose 
cells were located in the Gasserian ganglion had developed nor- 
mally. 
It would seem that these are rather insufficient grounds for 
revising our conception of the dorsal root, based as it is on such a 
large number of careful investigations; and it should be remem- 
bered, in this connection that those who have worked with the 
histology of the spinal ganglion, whether in teased preparations 
or GoLcI-material, have considered the dorsal root fibers identi- 
cal with the central branches of RANVIER'S T-fibers. Of the 
existence of some fibers in the dorsal root whose cells lie in the 
cord, there can be no doubt, at least so far as certain of the lower 
forms are concerned (CAJAL '90; v. LENHOSS~K '90; and VAN 
GEHUCHTEN '93). 
According to the experiments of JOSEPH ('87) on the second 
cervical nerve of the cat, these fibers are also found in mammals. 
After section of the dorsal root, he has observed that some fibers 
in the central portion remain normal and in the nerve a small 
number degenerate. At first opposed by SINGER and MUNZER 
('90), these results of JOSEPH have been confirmed bythese same 
authors in a later paper ('95) and anticipated by the earlier work 
of KAHLER ('84). KOPCZYNSKI ('06) has been unable to verify 
these observations. 
It is to be borne in mind that, while these direct observations 
show the presence of fibers of passage in the spinal ganglion, they 
also indicate that only a few fibers are of this category and that 
these are efferent; and by no means do they support the view of 
NISSL that all the fibers of the dorsal root arise from cells situated 
in the spinal cord. And, as we shall see, the condition described 
in the paper on retrograde degeneration, namely, the presence of 
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a normal dorsal root associated with a ganglion which has lost one- 
half of its cells, is susceptible of another explanation than that 
suggested by NISSL'S theory. All in all, then, while the evidence 
requires that we should be open-minded on this question, it is 
not sufficient to overthrow the belief that the dorsal roots are pre- 
dominately composed of the central branches of RANVIER'S T- 
processes. T h e  evidence from the silver preparations, that one 
branch of the stem process of the spinal ganglion cell runs through 
the dorsal root, is very convincing. This evidence has been well 
summarized by VAN GEHUCHTEN ('92). 
Numerical rejations between the spinal ganglion cells and 
the medullated fibers of the dorsal roots.-FREUD ('78)' working on 
Petromyzon, found a considerable excess of fibers in the dorsal 
roots over the cells in the spinal ganglion, due to the fact that the 
cell bodies of many of the afferent neurones are located in the 
spinal cord. HODGE ('89) counted the dorsal root fibers and the 
- J l s  in the associated ganglion in the frog, and found about three 
cells for each fiber. BUHLER ('98) has shown that the number of 
cells in the spinal ganglia increases as the test-animal is higher in 
the zodogical series; least for fish, it is greatest in mammals. He  
also found that in the frog there were about five ganglion cells for 
each dorsal root fiber. GAULE and LEWIN ('96) found in the 
rabbit a ratio between cells and fibers of 6 to I .  HARDESTY ('05) 
found in the frog a ratio varying from 2.7 to 3.6 cells per fiber. 
HATAI ('02)' working on the white rat, obtained the following 
results for the adult specimen of 167 grms. body weight. 
2. 
TABLE 11. 
Ratio of Spinal Ganglion Cells t o  Dorsal Root Fibers (HATAI). 
NERVE. NUMBER OF CELLS. NUMBER OF FIBERS. RATIO. 
............................................ I : a.8* V I  C 12,200 4,227 ............................................ I : 4.8* IV T 4,406 1,522 
............................................. I : 5 . 7  I I L  94-42 I ,644 
* The figures 2.7 and 4.3 given in the original are obviously misprints. 
T h e  writer, in studying the normal relations in the second cerv- 
ical nerve of the white rat, has obtained results confirmatory of 
those of the authors already mentioned. In  the three cases in 
which the dorsal root fibers and spinal ganglion cells were enu- 
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merated in the same individual nerve, a rather constant ratio of 
approximately I fiber to 3.2 cells was obtained. The first two 
specimens were 72 days old and weighed about I I O  grams, the 
third was six months old and weighed 188 grams. 
TABLE 111. 
Ratio of Spinal Ganglion Cells to Dorsal Root Fibers (RANSON). 
SPECIMEN. NUMBER OF CELLS. NUMBER OFFIBERS. CELLS PERFIBER. 
............................ 7zdays 7,721 2,472 3 . '  
72  days. .  8,116 2,394 3 . 3  
6 m0nth.s.. 8,624 2,689 3 . 2  
.......................... 
....................... 
The number of cells in a given spinal ganglion exceeds the 
number of medullated fibers in the corresponding root; this excess 
holds alike for frogs and mammals, although the actual percentage 
of the excess varies greatly. HATAI and HARDESTY ascribe to the 
anaxonic cells the responsibility for this condition; but, since we 
know that these cells do not exist in any appreciable number, we 
are thrown back upon the non-medullated fibers of the small cells 
as the chief source of the discrepancy. While it is possible that 
the majority of these non-medullated fibers do not push out into 
the dorsal root, it seems probable that the number of cells in the 
spinal ganglion does not exceed the number of axis cylinders in 
the dorsal root by so large a number as it does the number of mye- 
lin sheaths. A count of the dorsal root fibers obtained by a dif- 
ferential axis cylinder stain is the logical method of answering this 
question. 
T h e  increase i n  the number of medullated fibers in the grow- 
ing animal . -HARDESTY ('05) has shown that, when his frogs were 
arranged in a series of increasing body weight, there was a general, 
though not very regular, increase in the number of fibers in the 
ventral and dorsal roots as well as in the peripheral nerves. 
The  white rat however in the hands of HATAI ('03) has given 
uniform results, showing a regular increase in the number of med- 
ullated fibers both in the ventral and dorsal roots. 
The I1 C. nerve of the white rat shows more variability; in a 
general way however the number of fibers is increasing. T h e  
increase is, however, by no means as rapid, nor is there such a 
large number of fibers added as in the nerves studied by HATAI. 
These observations are recorded in the accompanying table. 
3. 
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TABLE IV. 
Rate of Medullation in the Second Cervical Nerve  of  the White  Rat (RANSON). 
MEDULLATED FIRERS IN THE MEDULLATED FIBERS IN THE 
AGE. DORSAL ROOT. VENTRAL ROOT. 
'564.5 
72 days .................... 
72 days (average). ..................... - 2261 
6 months (average). - 2790 
72 days ............................... 2217 
6 months. .  . . . . . . . . . . . . . . .  . . 2891 









T H E  N E R V E .  
I .  The proportion of sensory and motor fihers.-All investi- 
gators have found a larger number of fibers in the dorsal than in 
the ventral root. According to INCBERT ('04) the ratio of all the 
motor and sensory fibers arising from the left side of the human 
spinal cord is I : 3.2, and from the second cervical segment alone 
I : 6. HATAI ('03) working with the C. VI, T. IV, and L. I1 
nerves of the white rat finds an average ratio of I : 2.3. T h e  
normal relations in the C. I1 nerve of the white rat are expressed 
in the following table, representing the writer,'s enumeration of the 
ventral and dorsal root fibers for that nerve. 
TABLE V. 
Number of Ventral and Dorsal Root Fibers in the II C .  Nerve  of the White  Rat (RANSON). 
AGE. VENTRAL ROOT. DORSAL ROOT. RATIO. 
................................ I : 3 . 6  72 days (110 grms.) 689 2,472 
................................ I : 3 . 6  72 days ( 1 1 0  grms.) 660 2,394 
72 days (110 grms.). 590 '7959 
72 days (110 grms.). 59' Z,2'7 
This table shows that the ventral root fibers are about.28 per 
cent as numerous as the dorsal root fibers. 
2. The distal excess.-As has been said, considerably more 
sensory than motor fibers enter into the formation of the peripheral 
nerve. But, when we compare the sum of the fibers in the ventral 
and dorsal roots with the total number present on the distal side 
of the ganglion, we find a distinct excess on the distal side. T h e  
earlier investigators who undertook to compare the number of 
fibers on the two sides of the ganglion, either found them equal or 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I : 3 . 3  
................................ I : 3 . 7  
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else the peripheral count so little in excess that they regarded it 
merely as a matter of technical error and attached no significance 
to  it. Later, BIRGE ('82) found an excess of fibers on the periph- 
eral side of the I1 C. ganglion of the frog amounting to 16 per 
cent; and BUHLER ('98), also working on the frog, found in one 
nerve an excess of 25 per cent. HARDESTY ('99, '00, '05) has 
spoken of these extra fibers as the "distal excess" and found that 
it yaried in the frog from 5 per cent to 61 per cent. GAULE and 
LEWIN ('96) found a distal excess in three of the sacral nerves 
of a rabbit of 19 per cent, 11 per cent, and 15 per cent, respec- 
tively. My observations on the I1 C. nerve of the white rat are 
confirmatory of these previous results. Here we have to  do with 
a distal excess of 8 or 10 per cent. This is of interest since DALE 
('00) found in coccygeal nerves of cats an average distal excess of 
only 0.63 per cent. 
TABLE VI. 
Showing the Distal Excess in the II  C .  Nerve of the Adub White Rat (RANSON). 
WEIGHT. 
302 grms.. . . . 
161 grms.. . . . 
HARDE ;TY has made a careful study of the possible explana- 
tions of this distal excess. It is much too complicated a question 
for us to enter upon here. It can only be said in passing that there 
is evidence for the presence of medullated fibers of sympathetic 
origin which pass through the nerve to end in the ganglion and, 
henre. wniilrl nnt he fniinrl in either nf the  r n n t c  There ;c D l c n  ...,..-.,,..--A- -.-1 -1 I-...... 1. .,1LI.U.i -1 s.11- I""..". Illrlr 1 0  U L Y "  
evidence that both sensory and motor fibers may bifurcate at the 
level of the ganglion. But after a careful consideration of all the 
possibilities, HARDESTY does not think any one cause sufficient to 
explain the facts and believes that several factors must operate 
together in the production of the distal excess. T h e  idea of 
NISSL, discussed in a previous section, that the dorsal root fibers 
pass through the ganglion without making any connections and 
are there joined by others arising in the ganglion, would, if i t  
should be found correct, offer an adequate explanation of the dis- 
tal excess, especially of those cases where the excess is large and 
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amounts to more than 60 per cent, as in one case (HARDESTY ’GO) 
where 337 fibers on the proximal side were associated with 544 on 
the distal side of the ganglion. In  those cases however, where the 
excess is not more than 5 per cent (2422 proximal to 2543 distal 
fibers, HARDESTY ’05), the hypothesis of NISSL would require that 
very few fibers originate in the ganglion. 
3. T h e  presence of non-rnedullated fibers in the nerve.--It 
has already been said that DOGIEL was able to trace the non- 
medullated fibers as far as the junction of the afferent and efferent 
roots. So important is this work of DOGIEL’S that a full quotation 
may be given. 
Ausser der Grosse besteht der einzige Unterschied zwischen den in Rede stehenden Zellen und den 
grossen Ganglienzellen darin, dass von einer jeden solchen Zelle immer nur ein einziger ausserst dunner 
und wahrend seines ganzen Verlaufs myelinlos bleibender Fortsatz abgeht. Von der Zelle gewohnlich 
in der Form eines kleinen Konus beginnend, bekommt der Hauptfortsatz das Aussehen eines ausserst 
diinnen, nicht selten varicosen Fadens, welcher noch unter der Zellkapsel, oder sofort nach dem Austritt 
aus ihr, 2-3 bogenfijrmige Biegungen macht, worauf er mehr oder weniger gradlinig oft eine sehr 
lange Strecke zuriicklegt und sich endlich V- oder T-formig in zwei diinne varicose Fdserchen teilt. 
Soviel ich weiss, hat Retzius zuerst die Aufmerksamkeit auf das Vorkommen kleiner Ganglienzellen 
in den Spinalganglien der Saugetiere (Kaninchen) gelenkt, indem er sich iiber dieselben folgender- 
maasen ausdriickt: “Im Gegenteil geht, besonders bei kleineren Ganglienzellen, oft von einer schwack 
abgeschniirten Stelle der Zelle ein blasser Auslaufer aus, welcher zuweilen sich auf weite Strecken 
verfolgen lasst und dabei die marklose Beschaffenheit behalt; langlich-ovale Kerne treten in gewissen 
Entfernungen an ihm auf, und er wird allem Anscheine nach zu einer gewohnlichen myelinfreien Nerven- 
faser; wie sich diese im spateren Verlaufe verhalt, konnten wir nicht ergriinden. Einmal sahen wir 
indessen diesen blassen Auslaufer sich dichtomisch teilen.” Es is mir gelungen diese Liicke in den 
Beobachtungen von Retzius auszufiillen und nachzuweisen, dass die Hauptfortsatze der kleinen Zellen 
und die aus ihrer Teilung hervorgehenden Fasern, soweit sie in den Ganglien und sogar in den hinteren 
Wurzeln und an deren Zusammentrittsstelle mit den vorderen Wurzeln zu verfolgen sind, iiberall den 
Charakter markloser Fasern bewahren, oder aber nur an einer gewissen Strecke von einer ausserst 
diinnen, friihner oder spater wieder verschwindenden Markhiille umgeben werden. 
It is important to note in this connection that WEIGNER has 
recently shown that there is a considerable number of non- 
medullated fibers in the nervus intermedius; and this should lead 
to an examination of other cranial and spinal nerves to determine 
if non-medullated nerve fibers had not been overlooked in them. 
It will be shown in my next paper that the small cells of the 
spinal ganglion, which DOGIEL says possess non-medullated fibers 
show typical axonal reaction after section of the peripheral nerve 
and that it is these small cells that degenerate and disappear, facts 
which can be explained only on the assumption that these non- 
medullated fibers extend into the peripheral nerve. The existence 
of these fibers and the degeneration of the small cells offers a satis- 
factory explanation of the results presented in the former paper on 
Retrograde Degeneration in the Spinal Nerves. 
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